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The biosynthesis of dolichol and dolichylmonophosphate in rat liver was studied using [3H]mevalonate as 
precursor. The radioactive precursor was either injected into the portal vein of the rat or added to the 
incubation medium containing isolated hepatocytes, followed by the isolation of microsomes and 
mitochondria from the liver or the hepatocytes. In both systems dolichol in microsomes was highly labeled 
after a short labeling period followed by a rapid decrease. During this period the labeling of mitochondrial 
dolichol was low. The specific radioactivity of dolichyl-P in microsomes of both systems was higher in the 
initial phase than in dolichol and increased further with time. The mitochondrial labeling was also 
increased but was at a much lower level. 
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1. INTRODUCTION 
In liver, all or almost all, glycoproteins possess 
only N-glycosidically-linked oligosaccharide chains 
[l]. The sugar chain is accumulated on a dolichyl- 
pyrophosphate molecule before transfer to the pro- 
tein [2]. Dolichylmonophosphate participates in 
the transfer of some mannose molecules and all the 
glucose molecules of the growing oligosaccharide 
chain during the core synthesis and therefore, is an 
obligatory intermediate in glycoprotein synthesis. 
Its importance is further emphasized by the fact 
that under certain conditions the amount of 
dolichylphosphate is the rate-limiting factor [3]. 
We have investigated the primary site of doli- 
chylphosphate accumulation in vivo and in isolated 
rat hepatocytes using [3H]mevalonate. It appears 
that newly labeled dolichol and dolichylphosphate 
are present primarily in the microsomes. 
2. MATERIALS AND METHODS 
The initial phase of dolichol synthesis is identical 
with that of cholesterol synthesis and takes place in 
the cytoplasm [4]. The condensation reaction star- 
ting with farnesyl-PP and isopentenyl-PP is an ex- 
tensive process and has not been studied in detail. 
Both saturation of the a-isoprene and dephos- 
phorylation of the pyrophosphate derivative occur 
at the terminal part of the process. The alcohol is 
produced primarily by dephosphorylation, but this 
dolichol may be rephosphorylated by a CTP- 
mediated kinase [5,6]. 
Liver fractions were prepared from starved male 
Sprague-Dawley rats (180 g body wt). Mitochon- 
dria, mitochondrial subfractions, microsomes, 
Golgi membranes, lysosomes, peroxisomes and 
plasma membranes were prepared as in [7-91. Rats 
were labeled by injecting 0.5 mCi RS-[5-3H]- 
mevalonolactone intraportally (5.6 Ci/mmol, New 
England Nuclear, Boston MA). Isolated hepato- 
cytes were prepared by collagenase perfusion as in 
[lo]. Cells (2.5 x lo*) in 25 ml Krebs-Hensleit buf- 
fer were incubated at 37°C in a carbogen atmos- 
phere (93.5% O2 and 6.5% COZ) with 0.5 mCi 
RS-[5-3H]mevolanolactone. Fractionation of hepa- 
tocytes was performed as in [l 11. Earlier described 
procedures for analysis of polyprenols were em- 
ployed [ 121. After chloroform-methanol-HZ0 
(1: 1: 0.3) extraction, chromatography was perfor- 
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med on a DEAE-Sephadex (acetate) column. The 
dolichol fraction was subjected to alkaline hydro- 
lysis followed by ether extraction and chromato- 
graphy on A1203. The individual dolichols were 
isolated by high-pressure liquid chromatography 
(HPLC). Dolichylphosphate was identified by sub- 
jecting the DEAE-Sephadex chromatographically 
separated fraction to mild acidic hydrolysis. After 
dephosphorylation with acid phosphatase [131 al- 
kaline hydrolysis was performed followed by ether 
extraction, A1203 chromatography and HPLC. 
3. RESULTS AND DISCUSSION 
The distribution of dolichol in subcellular mem- 
branes isolated from rat liver is shown in table 1. 
High concentrations of dolichol were found in the 
outer mitochondrial and Golgi membranes and in 
lysosomes. The inner membrane of the mitochon- 
dria contains a low amount of dolichol even con- 
sidering that this fraction consists of both mem- 
brane and matrix proteins. Low dolichol content 
was found in microsomes while higher concentra- 
tions were observed in peroxisomes and in plasma 
membranes. The dolichylphosphate content in 
mitochondria is very low when it is related to total 
mitochondrial dolichol in contrast to microsomal 
dolichol where % rd of the total dolichol is in phos- 
phorylated form. Microsomes, which are the site 
of intracellular glycosylation, have a relatively high 
concentration of dolichylphosphate and unlike 
other organelles, a low concentration of the free 
alcohol. However, one should also keep in mind 
that microsomal membranes make up a large bulk 
of the hepatocyte membrane mass which means 
that a sizeable part of hepatocyte dolichol in fact 
is localized to these membranes. 
The site of dolichylphosphate synthesis was 
investigated by injecting high specific activity 
[3H]mevalonate directly into the portal vein. To 
minimize interference by minor contaminants, the 
most abundant individual dolichol (18 isoprene 
residues) rather than the total dolichol, was chosen 
after HPLC, and used for determination of the 
amount and the radioactivity. After 10 min, high 
specific labeling of dolichol-D90 could be observed 
in the microsomes (fig. 1A). The specific activity 
decreased to %rd after 90 min. During this time 
period the labeling in the mitochondrial dolichol 
was extremely low. In contrast, microsomal doli- 
chylphosphate exhibited a higher specific activity 
after 10 min than that of the free alcohol in the 
same subfraction and the specific activity increased 
during the following 20 min (fig. 1B). Again, the 
labeling of the mitochondrial dolichylphosphate 
was very low. 
Dolichol biosynthesis was also investigated in 
isolated hepatocytes after incubation with [3H]- 
mevalonate and the results were similar to those 
obtained in vivo. After 5 min incubation, microso- 
Table 1 
Distribution of dolichol and dolichyl-P in rat liver 
Dolichol Dolichyl-P 
(,ug/mg protein) 
(Yo total dolichol) 
Mitochondria 0.91 f 0.02 0.038 + 0.002 (4) 
outer membrane 4.7 f 0.38 
inner membrane 0.18 k 0.02 
Microsomes 0.26 k 0.04 0.119 + 0.018 (31) 
Golgi membranes 4.8 ? 0.6 
Lysosomes 3.5 + 0.3 
Peroxisomes 0.8 + 0.1 
Plasma membranes 1.8 kO.3 
The lipid extract of the individual fractions was purified and the separated dolichol and the 
dephosphorylated dolichyl-P fractions were subjected to HPLC by using a Cl8 reversed 
phase column. The individual peaks representing isoprenes from 17-21 residues were inte- 
grated to obtain the total dolichol amount. The values are the means + SEM (n = 5) 
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Fig. 1. Incorporation of [3H]mevalonate into dolichol-D90 and dolichyl-D90-P of rat liver in vivo. Rats were injected 
intraportally with [3H]mevalonate and after various time points, microsomes and mitochondria were prepared from 
the homogenate: (A) Dolichol-D90 was isolated by HPLC and used for determination of specific radioactivity; 
(B) dolichyl-D90-P was obtained by HPLC of the purified and enzymatically dephosphorylated olichyl-P fraction. 
The values are the means of 6 expt; the vertical bars represent SEM. 
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Fig. 2. Incorporation of [3H]mevalonate into dolichol-D90 and dolichyl-D90-P of isolated hepatocytes. After incuba- 
tion of hepatocytes with [3H]mevalonate, the cells were disrupted and microsomes and mitochondria were isolated: (A) 
Specific radioactivity of dolichol-D90 in microsomes and mitochondria after HPLC separation; (B) Specific radio- 
activity of dolichyl-D90-P isolated by the HPLC procedure. The values are the means of 6 expt; the vertical bars 
represent SEM. 
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ma1 dolichol-D90 exhibited a high specific activity 
which rapidly decreased uring the next 2 h (fig. 
2A). The mitochondrial dolichol labeling was in- 
significant. Incorporation of precursor into doli- 
chylphosphate of microsomes increased 3-fold 
over 5-120 min (fig. 2B). The phosphorylated 
polyprenol exhibited only a low specific activity in 
the mitochondria. 
It appears that dolichol has a broad distribution 
in the liver cell and is present in all membranes but 
that its concentration exhibits great variation. 
Previous investigations with isolated hepatocytes 
incubated with dolichol-containing liposomes also 
indicated an extensive intracellular transport of the 
polyprenols which is probably mediated by protein 
carriers [ 111. The presence of dolichol is obviously 
not directly related to its role in glycoprotein bio- 
synthesis and may be explained by the metabolic 
modifications localized in different compartments. 
Highly labeled dolichol-D90 and dolichyl-D90- 
phosphate could be found only in microsomes and 
not in mitochondria in both in vivo systems. Since 
polyprenols are present in mitochondria and also 
in other intracellular membranes, it is reasonable 
to suppose that the specific radioactivity in the 
latter membranes increases after a few hours. 
Labeling of the phosphatidylcholine and phos- 
phatidylethanolamine of the inner mitochondrial 
membranes occurs 4 h later than labeling of these 
lipids in the microsomes. Using isolated fractions, 
a somewhat higher polyprenol phosphate synthesis 
by the mitochondria was reported [ 141 in compari- 
son with other fractions, but this type of labeling 
is obviously not occurring in in vivo systems. 
Clearly, dolichylphosphate synthesis takes place in 
the membranes of the endoplasmic reticulum in 
agreement with the dolichylphosphate labeling pat- 
tern observed in these experiments. It also appears 
that a part of the newly synthesized polyprenol is 
rapidly dephosphorylated to free alcohol but the 
high initial labeling is, as yet, unexplained. The 
isolation procedure of polyprenols involves acidic 
hydrolysis which is known to affect phosphory- 
lated a-unsaturated polyprenols [ 15- 171. Our doli- 
chylphosphate fraction contains only a-saturated 
compounds while the hydrolytic procedures em- 
ployed do not influence the a-unsaturated free 
alcohols. It is therefore possible that our dolichol 
fractions are mixtures of polyprenols containing 
different proportions of a-unsaturated alcohols. 
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